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ABSTRACT
Growth Hormone-Releasing Hormone (GHRH) regulates the release of growth hormone from the
anterior pituitary gland. GHRH also acts as a growth and inflammatory factor in a variety of experimental
models in oncology. In the current study, we used bovine pulmonary arterial cells in order to investigate
the effects of GHRH and its antagonistic and agonistic analogs in key intracellular pathways that regulate
endothelial permeability. GHRH antagonists suppressed the activation of MLC2, ERK1/2, JAK2/STAT3
pathway and increased the intracellular P53 and pAMPK levels. In contrast, both GHRH and GHRH
agonist MR409 exerted the opposite effects. Furthermore, GHRH antagonists supported the integrity of
endothelial barrier, while GHRH and GHRH agonists had the contrary effects, as reflected in measure-
ments of transendothelial resistance. Our observations support the evidence for the anti – inflammatory
role of GHRH antagonists in the vasculature. Moreover, our results suggest that GHRH antagonists
should be considered as promising therapeutic agents for treating severe respiratory abnormalities,
such as the lethal Acute Respiratory Distress Syndrome (ARDS).
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Introduction

Growth Hormone – Releasing Hormone [GHRH
(1–44) NH2] is a hypothalamic hormone which
consists of 44 amino acids. The biological activity
of GHRH is retained in the first 29 amino acids
[GHRH (1–29) NH2].

1,2 Antagonists of GHRH
exert powerful anticancer and anti – inflammatory
activities.3 Those compounds could provide thera-
peutic approaches toward malignancies, since they
“target” tumor cells and reduce their growth under
experimental conditions “in vivo” and “in vitro”.4

GHRH antagonists suppress the most common
and lethal human malignancies, such as prostate,
breast, ovarian, renal, and lung cancers.3 Those pro-
tective effects are in part due to the inhibition ofmajor
inflammatory pathways, such as the ERK1/25 and
JAK2/STAT3 signaling cascades.6 Moreover, it has
beenpreviously shown thatGHRHantagonists induce
the expression of the anti-inflammatory transcription
factor P53.7 The P53, “Guardian of the Genome”,
which is a negative regulator of the inflammatory
transcription factorNFKB, has been shown to support

the endothelium against inflammation.7 Thus, the
anti-inflammatory activity of GHRH antagonists; is
partially exerted due to their capacity to increase the
levels of P53 in the intracellular niche. Indeed, the
protective effects of GHRHantagonists are not limited
to cancers. Those compounds have been shown to
counteract the development of Benign Prostate
Hyperplasia (BPH) through the suppression PCNA,
as well as by opposing the stimulatory activity of IGF
I and II, and FGF-II in the BPH I cell line.8

A severe consequence of pulmonary inflammation
is the development of ARDS, which represents an
important threat to human health. Described over
50 years ago, ARDS remains a manifestation of the
corrupted lung homeostasis, destined to cause non-
hydrostatic pulmonary edema, respiratory abnormal-
ities and death.9 ARDS appears in 10 to 86 cases per
100,000 patients, with the highest rates reported in
Australia and the United States. The development of
ARDS is due to direct lung injury (pneumonia and
gastric aspiration); or indirect injury (sepsis and pan-
creatitis), which in turn result in inflammation and
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hypoxemia. The disruption of the alveolar-capillary
membrane produces an influx of protein-rich edema
fluid, pulmonary dysfunction and endothelial
hyperpermeability.10 ARDS outcomes are similar to
those found in survivors of critical illnesses and largely
impair the physical, social, emotional and neurocog-
nitive functions of those unfortunate individuals.11

It has been recently demonstrated that P53 is an
integral component of the lung endothelium, and that
this protein supports the function of the lung micro-
vasculature. P53 has been demonstrated to protect the
endothelium against the inflammatory activities of
LPS, through the suppression of the inflammatory
RhoA/MLC2 pathway.12 Moreover, P53 induced the
activation of the Rac1 GTPase, which in turn blocks
the actin-severing activity of cofilin.13 Furthermore,
latest observations suggest that P53 partially mediates
the anti – inflammatory effects of Hsp90 inhibitors,14

and supports the endothelial function by suppressing
the expression of the Apurinic/apyrimidinic endonu-
clease 1 (APE1)/Redox effector factor 1 (Ref1).15

APE1/Ref1 is a multifunctional enzyme involved
in the base excision repair (BER) pathway. That
pathway repairs oxidative base damage inflicted
by environmental agents.16 APE1/Ref1 acts as
a regulator of many signaling cascades, and affects
cellular homeostasis via the activation of several
transcription factors (activator protein-1, nuclear
factor kappa B, hypoxia-inducible factor 1α, signal
transducer activator of transcription 3). Those tran-
scription factors regulate a variety of crucial physio-
logical processes, such as apoptosis, inflammation,
and angiogenesis.17 APE1/Ref1 is also involved in
the regulation of redox balancing agents (thiore-
doxin, catalase and superoxide dismutase); which
are enzymes in charge of the maintenance of the
reactive oxygen and nitrogen species..17

An earlier GHRH antagonist JMR-132 has been
previously shown to upregulate P53.3 In the present
study we investigate the possibility that the latest
generation of GHRH antagonists (MIA series) sup-
port the endothelial barrier function of Bovine
Pulmonary Aortic Endothelial Cells (BPAECs).
First, we demonstrated the GHRH-R receptor in
the BPAECs. Then, we treated the cells with GHRH
(1–29) NH2, GHRH antagonist MIA-602, as well as
theGHRH agonistMR-409. Our results demonstrate
that MIA-602 induces the expression of P53 and
pAMPK, inhibits the actin-severing activity of

cofilin, and suppresses the activation of the inflam-
matory pathways JAK2/STAT3, ERK1/2. Moreover,
it suppressed the formation of F- actin, as reflected
by the downregulation of the pMLC2. On the other
hand, GHRH and GHRH agonist MR-409 exerted
the opposite effects, suggesting that both compounds
(GHRH (1–29) NH2, MR-409) trigger inflammatory
responses in the endothelium.

To further substantiate our findings, we pro-
ceeded with Real – Time measurements of endothe-
lial permeability, by employing the Electric Cell
Substrate Impedance Sensing assay (ECIS). Our
observations reveal that MIA-602 supports the
endothelial barrier function of the bovine lung
endothelial cells, since it enhances the transendothe-
lial resistance (TEER) of the BPAEC monolayers.
Moreover, this GHRH antagonist protects against
the LPS-induced hyperpermeability, by suppressing
the LPS-induced MLC2 and cofilin activation. In
bold contract, GHRH and MR-409 increase the
endothelial permeability of those cells, as reflected
in the reduced TEER values. Collectively, our studies
suggest that GHRH antagonists may represent an
exciting new approach for the treatment of ALI/
ARDS. Those compounds induce endothelial barrier
enhancers (P53, pAMPK),10 suppress major inflam-
matory pathways (ERK1/2, JAK2/STAT3), and sup-
port the barrier function of BPAECs.

Results

Bovine pulmonary arterial endothelial cells
(BPAECs) express GHRH receptor

BPAECs, HeLa cervical cancer cells, MCF7 breast
cancer cells, and NIH/3T3 mouse embryonic fibro-
blast cells were subjected to Western blotting. The
results shown in Figure 1(a) demonstrate the expres-
sion of GHRH receptor in BPAECs. HeLa, MCF7 and
3T3 cell lines were used as negative controls.5,18,19

MIA 602 induces P53 and suppresses the
activation of MLC2 in BPAEC

BPAEC were treated with either vehicle (0.1%
DMSO) or 1 μM MIA 602 for 24, 48 and 72 hours.
This GHRH antagonist significantly induced p53
(Figure 1(b)); and suppressed pMLC2 expression
levels (Figure 1(c)) in all treatments.
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MIA 602 induces cofilin deactivation and
suppresses JAK2 activation in BPAEC

BPAEC were treated with either vehicle (0.1%
DMSO) or 1 μM MIA 602 for 24, 48 and 72 hours.
Figure 1(d) shows that this compound significantly
induced pCofilin expression levels in all treatments.
Moreover, MIA 602 significantly reduced the phos-
phorylation of JAK2 in all experiments (Figure 2(a)).

MIA 602 suppresses the activation of STAT3 and
ERK1/2, and induces AMPK phosphorylation

BPAEC were treated with vehicle (0.1% DMSO) or
the GHRH antagonist MIA 602 for 24, 48 and
72 hours. This compound significantly suppressed

the expression levels of pSTAT3 in all tests. The great-
est suppression occurred after exposure to MIA 602
for 48 and 72 hours (Figure 2(b)).MIA602 suppressed
the phosphorylation of ERK1/2, with the greatest
inhibition occurred after 72 hours of treatment
(Figure 2(c)). Furthermore, this antagonist induced
the phosphorylated form of AMPK (Figure 2(d)).

GHRH suppresses the expression levels of P53

BPAEC were treated with vehicle (0.1% DMSO),
or 1 μΜ GHRH for 24, 48 and 72 hours. The
results depicted in Figure 3(a) show that exposure
of those lung cells to GHRH results in the reduc-
tion of the P53 expression levels.

b

c
d

a

Figure 1. Detection of the GHRH receptor, and the effects of MIA 602 in the expression levels of P53, pMLC2, and pCofilin in BPAEC.
(a) Western Blot analysis of GHRH receptors and β-actin in BPAEC, HeLa cervical cancer cells, MCF7 breast cancer cells, and NIH/3T3
mouse embryonic fibroblast cells. B-actin was used as a loading control. Western Blot analysis of (b) P53 and β-actin,
(c) phosphorylated MLC2 (pMLC2) and MLC2, (d) phosphorylated Cofilin (pCofilin) and Cofilin after treatment of BPAEC with either
vehicle (0.1% DMSO) or GHRH antagonist MIA 602 (1μM) for 24, 48 and 72 hours. The blots shown are representative of 3
independent experiments. The signal intensity of the protein bands was analyzed by densitometry. Protein levels of P53, pMLC2 and
pCofilin were normalized to β-actin, MLC2 and Cofilin respectively. *P < .05, **P < .01, ***P < .001 vs. vehicle. Means ± SEM.
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GHRH induces the activation of the JAK2, STAT3
and ERK1/2 pathways

The endothelial cells were treated with 1 μΜ GHRH
for 24, 48 and 72 hours. The expression of pJAK2
and JAK2 was measured by Western Blot. This
neuropeptide was able to activate this inflammatory
pathway (Figure 3(b)). Moreover, GHRH induced
the pSTAT3 (Figure 3(c)), as well as the pERK1/2
expression levels (Figure 3(d)). Our observations
suggest that this growth factor (GHRH) activates
all those three major inflammatory pathways.

MR 409 suppresses P53 in BPAEC

BPAEC were treated with either vehicle (0.1%
DMSO) or 1 μM of the GHRH agonist MR 409
for 24, 48 and 72 hours. This GHRH agonist

significantly suppressed p53 expression levels
after 48 and 72 hours of treatment (Figure 4(a)).

MR 409 induces MLC2 activation and activates
cofilin in BPAEC

The endothelial cells were treated with MR 409 or
vehicle (0.1% DMSO) for 24, 48 and 72 hours.
That peptide induced pMLC2 (Figure 4(b)); and
decreased pCofilin expression in BPAEC after 48
and 72 hours of treatment (Figure 4(c)).

MR 409 induces the activation of JAK2, STAT3
and ERK1/2

The endothelial cells were subjected to treatment
with either vehicle (0.1% DMSO), or 1 μΜ MR 409

a b

c d

Figure 2. GHRH antagonist suppresses the activation of JAK2, STAT3, ERK1/2, and induces the activation of AMPK in BPAECs.
Western Blot analysis of (a) Phosphorylated JAK2 (pJAK2) and JAK2, (b) Phosphorylated STAT3 (pSTAT3) and STAT3, (c) Phosphorylated
ERK1/2 (pERK1/2) and ERK1/2, (d) Phosphorylated AMPK and AMPK after treatment of BPAEC with either vehicle (0.1% DMSO) or GHRH
antagonist MIA 602 (1μM) for 24, 48 and 72 hours. The blots shown are representative of 3 independent experiments. The signal intensity
of the protein bands was analyzed by densitometry. Protein levels of pJAK2, pSTAT3, pERK1/2 and pAMPK were normalized to JAK2,
STAT3, ERK1/2 and AMPK respectively. *P < .05, **P < .01, ***P < .001 vs vehicle. Means ± SEM.
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Figure 3. Effects of GHRH in the P53, pJAK2, pSTAT3, pERK1/2 expression levels of BPAEC.
Western Blot analysis of (a) P53 and β-actin, (b) Phosphorylated JAK2 (pJAK2) and JAK2, (c) Phosphorylated STAT3 (pSTAT3) and
STAT3, (d) Phosphorylated ERK1/2 (pERK1/2) and ERK1/2, after treatment of BPAEC with either vehicle (0.1% DMSO) or GHRH (1μM)
for 24, 48 and 72 hours. The blots shown are representative of 3 independent experiments. The signal intensity of the protein bands
was analyzed by densitometry. Protein levels of P53, pJAK2, pSTAT3, and pERK1/2 were normalized to β-actin, JAK2, STAT3 and
ERK1/2 respectively. *P < .05, **P < .01 vs. vehicle. Means ± SEM.

a b c

Figure 4. Effects of GHRH agonist MR 409 in the P53, pMLC2, and pCofilin expression levels of BPAEC.
Western Blot analysis of (a) P53 and β-actin, (b) Phosphorylated MLC2 (pMLC2) and MLC2, (c) Phosphorylated Cofilin (pCofilin) and Cofilin
after treatment of BPAEC with either vehicle (0.1% DMSO) or GHRH agonist MR 409 (1μM) for 24, 48 and 72 hours. The blots shown are
representative of 3 independent experiments. The signal intensity of the protein bands was analyzed by densitometry. Protein levels of
P53, pMLC2 and pCofilin were normalized to β-actin, MLC2 and Cofilin respectively. *P < .05, **P < .01 vs. vehicle. Means ± SEM.
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for 24, 48 and 72 hours. Our observations indi-
cated MR 409 significantly increased the phos-
phorylation of JAK2 (Figure 5(a)) and STAT3
(Figure 5(b)) after 48 and 72 hours of exposure.
Furthermore, treatment of those cells with DMSO
or the GHRH agonist MR 409 (1 μΜ) for 24, 48
and 72 hours, resulted to an induction of the
phosphorylated ERK1/2 (Figure 5(c)).

Effects of GHRH, GHRH agonist MR 409 and
GHRH antagonist MIA 602 on the endothelial
permeability of BPAEC

Confluent monolayers of BPAEC were treated with
either vehicle (0.1% DMSO), 1 μΜ GHRH or 1 μΜ
GHRH agonist MR 409 for 36 hours. Both GHRH
and MR 409 increased the permeability (lower TEER
values) of the endothelial monolayers after the afore-
mentioned period (Figure 6(a)). Furthermore, conflu-
ent monolayers of BPAECs were treated with either
vehicle (DMSO), or 1 μΜ of the GHRH antagonist
MIA 602. Cells that were exposed to MIA 602 exhib-
ited a significant induction in TEER values (decreased
permeability), compared to the DMSO – treated cells
(Figure 6(b)). Moreover, this GHRH antagonist pro-
tected the cells against the LPS-triggered hyperperme-
ability. MIA 602 suppressed the LPS-induced MLC2
phosphorylation (Figure 6(c)), as well as the LPS-
triggered cofilin dephosphorylation (activation)
(Figure 6(d)). In all cases DMSO did not affect the
endothelial permeability of BPAEC.

Discussion

Growth Hormone-Releasing Hormone (GHRH) is
secreted by the hypothalamus, and regulates the
release of Growth Hormone (GH) from the ante-
rior pituitary gland. In addition to its endocrine
role, this peptide has been shown to act as
a growth factor in cancers. Remarkably, the inhi-
bition of GHRH production by siRNA means sup-
pressed the proliferation rate of MDA-MB-435s,
MDA-MB-468, T47D, NCI H838, MCF7 and
LNCAP cancer cells.20 Moreover, It has been pre-
viously shown that the splice variant 1 (SV1) of the
pituitary type GHRH receptor, exerts ligand-
independent activities in in vitro models of experi-
mental human cancers.19,21

An emerging body of evidence suggests that
GHRH regulates several important physiological pro-
cesses, including inflammation. GHRH-R mediates
cytokine production in ciliary and iris epithelial cells
during LPS-induced ocular inflammation. GHRH
receptor is upregulated in the ciliary and iris epithelial
cells, as well as in the aqueous humor in a rat model of
acute anterior uveitis. In explant cultures of rat ciliary
body and iris, LPS caused a substantial increase in
levels of GHRH-R in 24 h. Further investigations
revealed an elevated expression of IL-6 and IL-1β in
ciliary and iris epithelial cells after LPS treatment.
That toxin also elevates the levels of IL-1β, IL-6, IL-
1β, IL-6, and iNOS from the explants. MIA 602
suppresses the elevated expression of IL-1β and
IL-6, and reduces the release of IL-6.22 It has been

a b c

Figure 5. Effects of GHRH agonist MR 409 in the expression levels of pJAK2, pSTAT3, pERK1/2 in BPAEC.
Western Blot analysis of (a) Phosphorylated JAK2 (pJAK2) and JAK2, (b) phosphorylated STAT3 (pSTAT3) and STAT3, (c)
Phosphorylated ERK1/2 (pERK1/2) and ERK1/2 after treatment of BPAEC with either vehicle (0.1% DMSO) or the GHRH agonist MR
409 (1μM) for 24, 48 and 72 hours. The blots shown are representative of 3 independent experiments. The signal intensity of the
protein bands was analyzed by densitometry. Protein levels of pJAK2, pSTAT3, and pERK1/2 were normalized to JAK2, STAT3 and
ERK1/2 respectively. *P < .05, **P < .01 vs vehicle. Means ± SEM.
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also previously reported that GHRH induces iNOS
expression in vitro.23

GHRH antagonists can similarly suppress
inflammation – induced prostatic enlargement.
This activity was consistent with a decrease in
prostatic GHRH, COX-2, IGF-1, and TGF-β1 pro-
tein levels. In other studies, GHRH stimulated
multiple pathways involved in inflammation and
growth in both BPH-1 and PrEp cells including
NFκB p65, AKT, ERK1/2, EGFR, and STAT3.24

The current study investigated the effects of
GHRH antagonist MIA 602, GHRH and GHRH
agonist MR 409 in the regulation of inflammatory
processes; which strongly affect the endothelial

permeability of BPAECs. We decided to focus on
the effects of those compounds toward the expres-
sion of P53, since P53 has been recently shown to be
a major regulator of the endothelium permeability.7

Our results indicate that GHRH antagonist induces
P53 expression levels, while GHRH and GHRH
agonist exert the opposite effects. Similar observa-
tions were previously obtained in LNCAP prostate
cancer cells.25

Furthermore, the GHRH antagonist MIA 602 can
deactivate cofilin. Cofilin is an actin-binding protein
that influence actin dynamics to regulate the initia-
tion and shape of cell protrusions.26 Cofilin is deac-
tivated by phosphorylation, and its severing activity
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Figure 6. Effects of GHRH antagonist MIA 602, GHRH and GHRH agonist MR 409 in the endothelial permeability of BPAEC.
(a) BPAEC were treated with either vehicle (0.1% DMSO), GHRH (1μΜ) or 1 μΜ of GHRH agonist MR 409 for 36 hours. Both GHRH-
and MR 409 – treated groups exerted increased permeability (decreased TEER values) compared to the vehicle – treated group.
n = 3 per group, **P < .01, ***P < .001 vs vehicle. Means ± SEM. (b) Confluent monolayers of BPAEC were treated with either vehicle
(DMSO) or the GHRH antagonist MIA 602 (1µM). A gradual increase of the TEER values (decreased permeability) was observed in that
group that was treated with MIA 602 compared to the vehicle – treated group. n = 3 per group. Means ± S.E. The arrow indicate the
addition of MIA 602 and DMSO in the confluent monolayers. Western Blot analysis of (c) phosphorylated MLC2 (pMLC2) and MLC2,
(D) phosphorylated Cofilin (pCofilin) and Cofilin. BPAEC were treated for 48 hours with either vehicle (DMSO) or GHRH antagonist
MIA 602 (1μM) prior to vehicle (PBS) or LPS (10μg/ml) exposure. The blots shown are representative of 3 independent experiments.
The signal intensity of the protein bands was analyzed by densitometry. Protein levels of pMLC2 and pCofilin were normalized to
MLC2 and Cofilin respectively. *P < .05, **P < .01, ***P < .001 vs. vehicle. Means ± SEM.
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generates free filament ends that are accessible to
G-actin. Thus, deactivation of cofilin supports the
endothelial integrity.13 Moreover, MIA 602 sup-
presses the inflammatory activity of the RhoA/
MLC2 pathway. This pathway is responsible for the
formation of the F actin fibers; and the consequent
endothelial hyperpermeability responses.10 In con-
trast, both GHRH and GHRH agonist counteracted
those effects, indicating that the targeted action of
those compounds is through the GHRH receptors.

The involvement of the MAP kinases in lung
endothelial permeability, has been previously
described. It was reported that MAPK signaling
plays a critical role in the barrier dysfunction
mediated by thrombin, pertussis toxin, TNF-α,
transforming growth factor-β1, hydrogen peroxide,
and VEGF. Furthermore, the protein kinase MEK1/
2 mediates vascular endothelial growth factor- and
histamine-induced hyperpermeability in porcine
coronary venules.27 It was also suggested that
there is a direct link between p38 MAPK activation
and EC barrier regulation.28 It was recently
described that the JAK2/STAT3/SOCS axis contri-
butes to the development of macrovascular compli-
cations by mediating inflammation associated with
vascular endothelial cells and/or monocytes.29

Treatment of BPAECwith theMIA 602 suppressed
the JAK2/STAT3, and ERK1/2 pathways. In line with
previous observations, the GHRH antagonist induced
the phosphorylation of AMPK.30 Such modification
have been previously shown to support endothelial
integrity; and represents a promising strategy for the
protection of the vascular endothelial function.10,31

Moreover, it protected the endothelium against the
LPS-induced MLC2 and cofilin activation. On the
other hand, both GHRH and GHRH agonist MR
409 activated the JAK2/STAT3 and ERK1/2 pathways,
indicating their strong potential to trigger inflamma-
tory processes. It has been recently shown that GHRH
agonists may suppress cancer through downregula-
tion of GHRH receptors.32 The latter effect may be
due to mechanisms associated with the direct action
of the agonists on the cancer cells that operate both
in vivo and in vitro, as well as the systemic (endocrine)
action of GHRH that operates only in vivo and mod-
ulates tumor growth indirectly.33,34 Thus, a potential
beneficial effect of GHRH agonists toward the sup-
pression of inflammation cannot be excluded.

The effects of the earlier GHRH antagonist JMR-
132 have been previously associated with the ER stress
marker CHOP.35 CHOP indicates the activation of
the Unfolded Protein Response (UPR) element.
Moreover, the function of P53 is closely associated
to UPR.36 It was recently shown that UPR activation
regulates P53 levels in pulmonary endothelium.37

Hence, future studies will delineate the involvement
of UPR activation in the MIA 602 – triggered
endothelial barrier enhancement. A robust UPR
induction, causes lethal ER stress.38 However,
a moderate induction of that pathway has been asso-
ciated with protective responses in the endothelium.39

In particular, the transfection of human pulmonary
artery endothelial cells with siRNA for BiP (the ER
Hsp70) promoted the filamentous actin formation
and abrogated endothelial permeability.40 The LDL–
induced inflammatory responses in humanmesangial
cells were significantly reduced after knocking down
of the IRE1alpha (UPR component). Pretreatment of
those cells with Tunicamycin significantly attenuated
the induction of the LDL – induced pro – inflamma-
tory cytokines.41

The severe manifestation of lung inflammation
results in ARDS, which is a respiratory syndrome
associated with unacceptably high mortality rates.
Currently, there are no efficient therapies for those
ARDS patients. Our study demonstrates that the
GHRH antagonist MIA 602 suppresses major inflam-
matory pathways (i.e. pJAK2/STAT3, ERK1/2)
induces the “Endothelial Defender” P53, thus it pro-
tects against hyperpermeability responses. Moreover,
MIA 602 supports the integrity of the vascular barrier,
as reflected inmeasurements of transendothelial resis-
tance. Hence, we suggest that GHRH antagonists
may be of therapeutic value for the treatment of
ALI/ARDS.

Materials and methods

Reagents

RIPA buffer (AAJ63306-AP), anti-mouse (95017–
554) and anti-rabbit (95017–556) IgG HRP-linked
antibodies, nitrocellulose membranes (10063–173)
and GHRH (103663–156) were obtained from VWR
(Radnor, PA). The P53 (9282S), Phospho-MLC2
(3674S), MLC2 (3672), Phospho-cofilin (3313S),
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Cofilin (3318S), Phospho-p44/42 MAPK (Erk1/2)
(9101S), p44/42 MAPK (Erk1/2) (9102S), Phospho-
JAK2 (3776S), JAK2 (3230S), Phospho-STAT3
(9145S), STAT3 (4904S), Phospho-AMPKa (2535S)
and AMPKa (2793S) antibodies were obtained from
Cell Signaling Technology (Danvers, MA). The
GHRH-R antibody (ab28692) was purchased from
Abcam (Cambridge, MA). The β-actin antibody
(A5441) was purchased from Sigma-Aldrich
(St Louis, MO). The MIA – 602 and MR- 409 were
synthesized in the laboratory of one of us (AVS).42

Cell Culture

Bovine Pulmonary Arterial Endothelial Cells
(BPAEC) were purchased from Genlantis (San
Diego, CA). HeLa, MCF7, and NIH/3T3 cells were
purchased from ATCC (Manassas, VA). Those cells
were cultured in DMEM (cat. no. VWRL0101-
0500) medium supplemented with 10% fetal bovine
serum and 1X penicillin/streptomycin. Cultures
were maintained at 37°C in a humidified atmo-
sphere of 5% CO2 – 95% air. All the reagents were
purchased from VWR (Radnor, PA).

Protein isolation and Western Blot Analysis

Proteins were isolated from cells using RIPA buffer.
Protein-matched samples were separated by electro-
phoresis through on 12% sodium dodecyl sulfate
(SDS–PAGE) Tris-HCl gels. Wet transfer was used
to transfer the proteins onto nitrocellulose mem-
branes. The membranes were incubated for 1 h at
room temperature in 5% nonfat dry milk in Tris-
buffered saline (TBS) – 0.1% (v/v) Tween 20. The
blots were then incubated at 4°C overnight with the
appropriate primary antibody (1:1000). The signal
for the immunoreactive proteins was developed by
using the corresponding secondary antibody (1:2000)
and visualized in a ChemiDocTM Touch Imaging
System from Bio-Rad (Hercules, CA). The β-Actin
antibody (1:5000) was used as a loading control.

Measurement of endothelial barrier function

The barrier function of endothelial cell monolayers
was estimated by electric cell-substrate impedance
sensing (ECIS), utilizing ECIS model ΖΘ (Applied
Biophysics, Troy, NY, USA). All the experiments

were conducted on confluent cells which had
reached a steady-state resistance of at least 800 Ω.12

Densitometry and Statistical Analysis

Image J software (NIH) was used to perform densito-
metry of immunoblots. All data are expressed asmean
values ± SEM. A value of P < .05 was considered
significant. GraphPad Prism 5.01 from GraphPad
(CA, USA) was used for data analysis. The letter
n represents the number of experimental repeats.
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